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Cost modeling of integrated
urban development

The article addresses land and property sustainability management objectives to implement the idea of sustaina-
ble development of urban areas. It is noteworthy that a land plot serves as the urban development framework that
goes through the following stages in the process of transformation: 1) idea and conception of improvements; 2) de-
sign of improvements; 3) construction; 4) operation; 5) facility liquidation. The authors emphasize that the effective
reproduction of housing requires tools of spatial economic modelling of projects for the integrated development of
areas. Principal components of the basic element of the urban fabric were analyzed to develop the cost model of
the integrated development of urban areas. In addition to elements of basic infrastructure (social, engineering, pub-
lic and business, housing, transport infrastructure, as well as infrastructure for economic activities), the model has
improvement factors for each unit of infrastructure, which demonstrate the need to improve the quality of basic el-
ements against the regulatory benchmark to increase the total capitalization of urban assets. Sources of funding
the integrated development of urban areas are presented as two units of infrastructure divided into funds of house-
holds, developers (builders), construction co-investors; funds of corporate suppliers of resources; budget resourc-
es; loan resources. To ensure the integrated development of areas, not involved in urban planning activities, cost
models were developed for the integrated development of areas occupied by industrial enterprises, dilapidated in-
dividual houses, country houses and mom-commercial partnerships of gardeners, as well as disturbed urban are-
as (shallow and flooded areas, ravines, steep slopes). The ability to take into account features of each area will fa-

cilitate the sustainable development of cities and the whole country.
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he implementation of the idea of sustainable
Tdevelopment of residential housing through

the attainment of social, economic, and envi-
ronmental goals accompanies the process of transi-
tion from resource consumption to integrated repro-
duction of resources [1]. The sufficient reproduction
of adequate quality housing that meets the needs of
the population, coupled with the maintenance
of proper performance characteristics of residential
housing contribute to its safe and effective use in
the present and future. In this case, regular and ex-
tended reproduction of housing and facilities of utili-
ty, social, public, business and transport infrastruc-
ture is a factor of sustainable development of urban
areas [2]. The general model used for the reproduc-
tion of housing and infrastructure is presented in
Fig. 1. Effective housing reproduction needs spatial
economic modelling tools applicable to the integrat-
ed spatial development projects. The spatial eco-
nomic modelling of such projects is an analytical tool
used to assess the investment attractiveness of
the area that can accommodate a project, taking in-
to account urban planning and economic con-
straints, financial feasibility of the architectural and
urban planning concept (master plan) of integrated
development'.

The basic approach to IDA project selection of
an is the choice of such an area to be transformed,
that will ensure the implementation of an economi-
cally viable project amid existing urban planning
constraints (density and functionality of develop-
ment), and, hence, it will raise private equity and

minimize budget expenditures, on the one hand,
and maximize the benefit to be obtained by
the property owners, on the other hand by boosting
the value (capitalization) of the area as a result of
the implementation of the IDA project.

Each major element of the urban fabric has
the following basic elements: social infrastructure S,
engineering infrastructure En;, public and business
infrastructure P, economic activity infrastructure Ec;,
housing infrastructure H,, transportation infrastruc-
ture T;. As a result, the total cost C; of integrated de-
velopment of urban areas can be presented as (1):

C, :Z":S,.ks +Zn:En,.kEn +zn:P,kP +
i=1 i=1 i=1

+iEc,.kEC +iH,kH +iT,.kT, )
i=1 i=1 i=1

K, Kepr Koy Kepr Kipy Ky 210,

where K, Kgp,, Kp, ke, Ky, kr @are improvement factors
for social, engineering, public and business infra-
structure, economic activity infrastructure, housing
and transport infrastructure. They demonstrate
the need to improve the quality of basic elements of
infrastructure as parts of the urban fabric against
the established standards to increase the total cap-
italization of urban assets. The value of the coeffi-
cient set for each element of infrastructure is deter-
mined by the location of the developed area,
depending on its proximity to the city centre
(the largest value). These values explain what com-
ponents need to be improved to exceed the stand-
ard values, the extent of an increase and

1 Methodological recommendations on spatial and economic modeling of projects of integrated development of residential areas. Ministry
of Construction of Russia. URL: https://view.officeapps.live.com/op/view.aspx?src=http://www.minstroyrf.ru/upload/iblock/4ae/Metodicheskie_reko-
mendatsii_po_prostr._ekon._modelirovaniyu_proektov_KRT_zhiloy_zastroyki.docx (rus.).
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Fig. 1. Objectives of managing the sustainable development of land and property (a real estate facility)

the location of these elements to maximize the residential and com-
mercial property margin.

Sources of funding, designated for the integrated development of
urban areas, are outlined in Fig. 2 [3, 4].

If we address the reproduction of housing, public and business
infrastructure, as well as infrastructure for economic activities, the ma-
jor source is the funds of households and participants in shared con-
struction, or savings, loans and state support funds. Few builders and
developers contribute their cash into construction projects, while
the majority uses different types of borrowed resources.

Engineering infrastructure is reproduced at the expense of con-
sumers of housing and utility services: residents compensate for
the expenses incurred in the course of reconstruction, modernization
or construction of new engineering facilities in accordance with

investment commitments about the implementation of municipal in-
vestment programmes undertaken by owners and at the expense of
legal entities and natural persons acting as investors making invest-
ments into construction and development of the housing and utilities
infrastructure. In addition, a large share of social and transport infra-
structure facilities is paid for from the federal budget as the state sup-
port (the so-called infrastructure menu), regional budgets that make
investments into target programmes for the development of local set-
tlements. Some facilities of social, engineering and transport infra-
structure are funded from extra-budgetary sources, including public-
private partnership (PPP), the majority of which are concession
agreements [5].

The analysis of spatial structure of large Russian cities has proven
that industrial areas occupy 14-17 % (8-19 thousand hectares) of
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Fig. 2. Sources of funding for the integrated development of urban areas
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the total city area, while dilapidated single-family houses and coun-
try house communities occupy 10-14 % (7-10 thousand hectares),
and disturbed lands (waterlogged and shallow water areas, ravines,
steep slopes and other areas not involved in urban planning activi-
ties) is on average 6 % of the total urban areas [6, 7].

The research has cost models for the integrated development
of largest areas ignored by the urban planning projects in large cit-
ies [8, 9].

1. Cost model for the development of areas occupied by indus-
trial enterprises:

Ccon = Cn.c +C + Cdis + Crec + Cother' (2)

buy
2. Cost model for the development of areas occupied by di-
lapidated single-family houses:

Ccon = Cn.c + Ccom + Cev + Cdis + Colher' (3)

3. Cost model for the development of areas occupied by coun-
try houses:

Ccon = Cn.c + Ccom + Ceva + Cdis + Ceng + Cother' (4)

4. Cost model for the development of disturbed urban areas:
it is proposed to estimate the cost of construction in shallow
water and waterlogged areas according to the formula:

Ceon = (C, o +CyV k. (5)

It is proposed to estimate the cost of construction, taking into
account an increase in cost due to the development of ravine areas:

Ccon = (Cn.c + Ce + Cdr )k (6)

The cost of construction can be estimated using the following
formula that takes into account an increase in price due to the de-
velopment of steep slopes:

Ccon = (Cn.c + Ce + Csp )k (7)

Formulas (2)-(7) use the following designations: C,,, is the total
construction cost; C, , is the construction cost under normal condi-
tions; C,,, is the cost of acquisition of an industrial enterprise from
the owner; C; is the cost of demolition and dismantling of existing
buildings; C, is the cost of reclamation of a land plot (in case of
a hazardous production facility that was in operation there); C,;e, is
other contingencies (identification and preservation of cultural herit-
age; archaeological research; additional court charges); C,,, is
the cost of compensation due and payable to owners of

CTtoMmocTHOe mogenupoBaHue
KOMIMJIEKCHOIO pa3BuTuUs
ropoACKUX TeppUTOpUn

[ns BONMOLLEHNA NAen yCTONHMBOro pa3BuTUS FOPOACKUX Teppu-
TOPUA B CTaTbe€ PacCMOTPEHbI 3a4a4n yNpaBieHUs YCTONYUBLIM
pasBUTVEM BCErO 3eMeslIbHO-UMYLLIECTBEHHOro komnnekca. OT-
MEYeHO, YTO OCHOBOW PasBUTUS B FOPOAE ABMSETCA 3eMeSIbHbIN
y4acTokK, KOTOpbI B mpoLiecce npeobpa3oBaHUs MPOXOQUT Crie-
oyowme ctagum: 1) nges 1 opMmMpoBaHue 3ambicia npoekTa
YNyHLIEHWUIA; 2) NPOEKTMPOBaHWE YNyyLLEeHUA; 3) CTPOUTENLCTBO;

single-family houses, garden property; C,, is the cost of evaluation of
the property within the boundaries of areas selected for comprehen-
sive development; C,,, is the cost of construction or modernization
of engineering infrastructure within the area; C,, is the average cost
of drainage arrangement (per 1 m3); V is the amount of drainage ar-
rangement work, in m®; k = 1-1.45 is the coefficient that takes into
account higher construction costs due to severe working environ-
ments and longer hours of construction machine operation; C, is
the average cost of earthwork; C,, is the average cost of drainage
and extra efforts aimed at groundwater management; C, is the aver-
age cost of slope strengthening work.

The cost modeling of the integrated development of various ur-
ban areas, taking into account the characteristics of each area will
stimulate the sustainable development not only in urban areas, but
also in the country as a whole, since more than 75 % of Russia's GDP
is generated by the cities. Synchronization between current and fu-
ture state programmes at all government levels, private investments,
and special taxation regimes will level the “shocking” effects on
the country's budget in the course of development of urban areas.
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4) akcnnyaTaums; 5) nMKBngaums oobekTa. ABTopaMmn oTMeyaeT-
Csl, 4TO O/19 3(PHEKTUBHOrO BOCMPON3BOACTBA XMIOro ooHaa He-
06X0AMMO UCTMONb30BaTb MHCTPYMEHTbI MPOCTPaHCTBEHHO-3KOHO-
MUYECKOro MOAESIMPOBAHNA MPOEKTOB KOMMJIEKCHOrO pasBUTUA
Tepputopuii. Mo pesynstatam aHanm3a 6a30BbIX COCTABSAIOLLMX
OCHOBHOrO 3fIeMeHTa NMaHMPOBOYHOW CTPYKTYpbl ropoga 6bina
copMMpoBaHa CTOMMOCTHAs MOENb KOMIMJIEKCHOW 3acTpowi-
KW rOpOACKMX TEppUTOPUN, KOTOpas BKMO4YaeT B cebs MoMu-
MO OCHOBHbIX MH(PPACTPYKTYPHbIX SNEMEHTOB (CoumanbHas, WH-
>XeHepHas, 06LLEeCTBEHHO-AEN0Bas, XUIULLHAsA, TpaHCrNopTHas
MHPACTPYKTypa, a Takxe MHAPPACTPYyKTypa SKOHOMMUYECKOW
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OeATeNbHOCTM) KO3 DULIMEHTbI YNYHLLEHUS AN KaX[0ro uHdpa-
CTPYKTYPHOrO 6510Ka, KOTOPble OTpaXKaloT HEO6XOAMMOCTb MOBbI-
LeHns KayectBa 6a30BbIX 3/IEMEHTOB MO CPaBHEHWUIO C HOpMa-
TUBHbIM 5151 yBESIMYEHNA COBOKYMHOW Kanutanuaaumm ropoackmx
akTvBoB. OTAENbHO NpeAcTaBneHbl UCTOHHMKN hMHAHCUPOBaHNA
KOMMJIEKCHOW 3aCTPOMKM FOPOACKMX TEPPUTOPUIA MO ABYM WH-
hpacTpyKTYpHbIM 6510KaM, KOTOpble NoAapasfensioTes Ha: cpef-
CTBa [OMOXO3AMCTB, 3aCTPOVLLMKOB (4EeBENonepoB), y4HaCTHUKOB
JOJIEBOr0 CTPOUTENLCTBA; CPedCcTBa PecypCOoCHabXaroLmx op-
raHu3auuii; 61ooKeTHbIE pecypchl; 3aeMHbIe pecypchbl. [ns KoM-
NJIEKCHOr0 Pas3BUTWA NIIOLLAAEN, HE BOBMEYEHHBIX B rpagoCcTpo-
UTENbHYIO [EATENIbHOCTb, MPEAIOKEHbI CTOMMOCTHbIE MOZENu
KOMIMJIEKCHOrO Pa3BUTUS TEPPUTOPUNA, 3aHATLIX MPOMBbILLMIEHHbI-
MW NpeanpuaTUAMU, BETXMMU MHANBUIYaNbHLIMW XWIbIMX fOMa-
MW, JaYHbIMW 1 CafOBbIMW TOBapULLIECTBAMMU, & TaKXe HapyLLUEH-
HbIX FOPOACKMX TEeppuUTOpui (MENKOBOAHbIE M MOATOMMSEMbIE,
oBparu, KpyTble CKIOHbI). Y4eT 0CO6EHHOCTEN KaXaon TeppuUTo-
pyvM NOCAYXUT CTUMYSIOM A1 YCTONYMBOrO Pas3BUTUS Kak ropo-
0B, TaK U CTpaHbl B LIESIOM.

KnioyeBble cnoBa: ycTo/i4MBOe pasBUTHE, WHGQPACTPYKTY-
pa ropoga, CTOMMOCTHasi MOZe b, IKOHOMUYEecKas 3GhgheKTHB-
HOCTb, UCTOYHWUKMN GoHAHCUPOBAHMS
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